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Abstract 
The 87Sr/86Sr ratio of grape, wine and soil samples collected in 13 commercial vineyards located in three major wine producing 
area of Quebec were measured. Our results show that the Sr isotope ratios in soils, as expected, are intimately related to the local 
geology. A strong relationship exists between the 87Sr/86Sr ratios of the wine and the grape, indicating that the vinification 
process does not alter the strontium budget. This shows that the isotope approach could be used as an adulteration tool in forensic 
science for unambiguously authenticating the provenance of commercial wines in Quebec. 
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1. Introduction 
Consumers are attributing more and more value to the certification of food products, their authenticity and 
origins. This is especially true for wine where value can be associated with the region of production and which has 
led to the creation of protected geographic appellations in major wine producing areas. In Quebec (Canada), the 
wine industry has been developing tremendously over the past ten years1. In order to protect and increase the value 
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of locally produced wines and strengthen the local market, the Quebec government has been working on the 
implementation of a Protected Geographical Appellation label (“Indication géographique protégée”).  
 The large variations in the ratios of strontium isotopes (87Sr, 86Sr) found in organic matter make it an effective tool 
to trace relationships between organic matter such as plant products, and soil composition2-4. This method is based 
on the principle that the trace element composition of plants reflects the labile trace element composition of the soil 
in which they are grown. Several studies have demonstrated that the 87Sr/86Sr ratio is an optimal geographic 
footprint for food and animal products because the strontium is actively involved in the metabolism of plants but 
undergoes little fractionation during the various biological processes involved in plant development5-13. In wine, 
variations in the 87Sr/86Sr isotope ratios have been used to differentiate the geographic origin of wines in wine-
producing countries such as: Italy14, Romania15, Germany16, South Africa17, Argentina18 and France19. 
 With the aim of evaluating the relationship between grape and wine, and certifying the geographic origin of locally 
produced wines, we present the 87Sr/86Sr isotopic ratio of the soils, grapes and wines from 13 vineyards located in 
the main wine producing areas of Quebec. 
2. Study site 
The geographic areas selected for the study are the Eastern Townships, the Montérégie and the Quebec City 
regions, with the latter including the Island of Orleans (Figure 1). These regions possess distinct geological 
formations with well-defined ages: the St-Lawrence Lowlands (upper and middle Ordovician) and the Appalachian 
Orogen (Cambrian and lower Ordovician). Grape samples were harvested from selected vineyards in 2012. After 
freezing 1 kg grape for further analysis, grape samples underwent the same winemaking protocol, which included a 
cold-soak (48 hrs), on-skin fermentation (7 days), malolactic fermentation, filtration and bottling. Exogenous 
products used during the fermentation process included potassium metabisulfite (Scott Laboratories, Petaluma, CA, 
United States), yeast and bacteria (Lallemand, Montréal, QC, Canada)20.  
 
Figure 1: Geological map of the Quebec province showing collected vineyards locations: (1) Côte de Vaudreuil, (2) Domaine de Lavoie, (3) 
Artisans du terroir, (4) Les Petits Cailloux, (5) Viticulture A&M, (6) Côte des Limousins, (7) Les Bromes, (8) La Mission, (9) La Bauge, 
(10) L’Ange Gardien, (11) Saint-Petronille, (12) Isle de Bacchus, (13) Domaine Marguerite 
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3. Results and discussion 
The 87Sr/86Sr isotopic ratios were measured using a Thermal Ionization Mass Spectrometer (TIMS) on a 
Thermo Triton PlusTM multi-collector system after dissolution, elution and purification manipulations in 
clean lab. The 87Sr/86Sr ratios for Quebec wines and grapes from which the wines were produced are presented in 
Figure 2. Results showed a positive linear relationship (y=1.04x-0.03, R2=0.94, n=16) between the  87Sr/86Sr ratios 
in wines and in the corresponding grapes. The near 1:1 slope indicates that the winemaking process does not modify 
the overall strontium budget (i.e. no strontium is added or subtracted during the vinification process). The wine is 
isotopically representative of the grape and vine from which the wine is made. This correlation has implications for 
forensic applications in that, wine samples are just as representative of the terroir as the grapes and/or vines. This is 
particularly important for old vintage, grape varieties or vine that are no longer available. 
 
 
Figure 2: 87Sr/86Sr variations in wine and the grapes from which they were processed. 
The results also underline the importance of the 87Sr/86Sr ratios as a geological tracer because the ratios reflect the 
underlying geology. Vineyards located in the St. Lawrence Lowlands (Domaine de Lavoie, Les Artisans du Terroir, 
Les Petits Cailloux, Côte de Vaudreuil, Viticulture A&M and L’Ange Gardien) generally have lower 87Sr/86Sr 
ratios compared to vineyards located in the Appalachian Orogen (Marguerite, Saint-Petronille, Isle de Bacchus, 
Côte du Limousin and La Mission vineyards). The higher 87Sr/86Sr ratios of vineyards from the Appalachian 
Orogen are consistent with the older geological ages of the silicate rocks associated with the Appalachian Orogen 
and the lower 87Sr/86Sr ratios of vineyards in the St. Lawrence Lowlands are consistent with the slightly 
younger ages and abundance of carbonate rocks in the St. Lawrence lowlands. Exceptionally, two vineyards 
(Les Bromes and La Bauge) from the Appalachian Orogen yield 87Sr/86Sr ratios similar to those of the St-
Lawrence Lowlands. These vineyards overly complex geological features (faults or contacts) that bring 
different rock types into contact possibly resulting in a mixture of geological sources.   
4. Conclusion 
The strontium isotope approach was used to test the relationship between geology and source of Quebec wines. 
Initial results show a linear relationship between 87Sr/86Sr in wine and in grapes. The 1:1 slope indicates that the 
winemaking process does not add any Sr and the 87Sr/86Sr isotope ratio of the wine is representative of the grapes 
from which it is made. The results indicate that 87Sr/86Sr isotope ratios can be used to characterize the geology of 
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the wine terroir, provide constraints on the provenance of the wine, and can be used in the characterization of wine 
for forensic isotope purposes. 
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